INTRODUCTION
Mitigation of adverse tribological aspects, especially reduction of friction and wear can be achieved by deposition of protective layers, i.e. applying coatings, onto surfaces of exposed materials. There occurs reduction of unfavorable degradation mechanisms affecting each surface. Deposition can be done in several ways: plasma spraying, flame (TSC), chemical deposition (CVD, PA CVD), physical deposition (PVD), and electroplating deposition. However, the most progressive technology is the PVD technology. These technologies enable deposition of thin films (typically 1-5 m) with unique features at very low temperatures (as opposed to CVD, PA CVD, TSC). They are used to achieve high hardness, wear resistance and low friction coefficient. The resulting coatings have homogeneous thickness over the entire surface and very good reproducibility of the results. The vast majority of these coatings are used to improve the resistance of cutting tools [1] [2] , but also other engineering equipment, which use good resistance of these coatings e.g. to classical or contact fatigue [3] [4] . TiCN coating has been known for several decades, and during that time numerous papers were published dealing with such coating and its properties. Almost all aspects that affect the coating properties have been extensively reviewed -e.g. [5] [6] [7] [8] [9] .
Most of the tools are made from compact materials, but there are also tools produced by powder metallurgy. Most tools are WC-Co based. Currently sintered materials are used as structural parts for production of certain machine parts. It is assumed (and the first results prove it) that the use of coating methods also improve specific properties of these materials, for example wear resistance, contact fatigue and so on [10] [11] [12] .
It appears that for their use a number of factors must be taken into account in order to ensure that the resulting effect meets requirements placed for machined component. This article is aimed at assessing the impact of TiCN type coating on tribological properties of sintered steel -coefficient of friction and wear rate, as well as to consider other aspects of the technology in relation to the specific characteristics of the matrix -in particular the resistance to contact fatigue.
EXPERIMENTS
For the production of test specimens -matrix -ferrous powder Höganäs Astaloy CrL type (Fe-1, 5% Cr-0, 2% Mo) was used. Two sets of samples were created by adding graphite powder in amount of 0.3% and 0.7% wt. After addition of lubricant type HWC, circular samples of size ø 30 x 5 mm were pressed using pressure of 600 MPa. The samples were sintered in a controlled atmosphere (90% N2 + 10% H2) at 1120 °C / 60 min. Before sintering the atmosphere was freeze -the dew point of -57 °C. The samples were placed in a retort with talc of Al2O3 mixed with addition of 1% C in order to avoid possible oxidation and undesirable surface decarburization of samples. After sintering the samples were cooled down in a furnace with controlled atmosphere. Subsequently, the samples were machined to the external dimension ø 28 mm and internal hole with diameter of ø 10 mm and grinded to achieve flatness of both circular surfaces. All samples were then coated with TiCN by PVD (synthesized by evaporation of Ti -99.5% -in N2/C2H2 plasma at 250 °C). Tribological tests were performed on CSM Tribometer - Fig 
RESULTS AND DISCUSION
Sintered material based on the powder of Astaloy CrL (Fe Cr +1.5 Mo + 0.2) type in two variants namely the 0.3% and 0.7% C, respectively, underwent the tests. The samples had a density of about 7 g.cm-3, which was obtained by the method of double weighting. For both materials, the structure was of ferritepearlite, whereas the pearlite portion was corresponding to the amount of carbon. These structures follow the IRA plot for the chemical composition and cooling rate [13] . Identification of TiCN coating was partly made from metallographic sections as well as using scanning electron microscope - Fig.2 . Its thickness can be determined from the scale, which is indicated in the figure and can be stated that it was about 3 m, corresponding to the specified parameters in the process of production. EDX analysis - Fig. 3 confirmed the presence of Ti as well as C, whereas the point of analysis in Fig. 3 is located between the lines indicating the layer thickness. Other obvious aspect is the coating structure, in particular that it is poreless and has columnar character. Even so, the coating perfectly precisely copies surface irregularities, with the result that even in optical microscope with low magnification the marks of grinding are seen on the surface.
Basic characteristics of the test samples after sintering and coating are listed in Table 1 . Tribological tests showed that the development kinetics of the coefficient of friction in dry condition of sintered materials is basically the same - Fig. 4 a, b . After an intense rise a gradual descent followed. In accordance with the general theory, the friction coefficient is higher for softer material CrL +0.3 C. The difference is not big, after 1000 m it is only 0.01 -see Table 2 . Sintered materials coated TiCN show two areas. The first shorter time period corresponding to about 65 m path is steeper and corresponds to the phenomena that occur there. First, there occurs the abrasive event both on the material and the pin as well. Then there comes the widening of the contact area resulting in a reduction in compressive stress and thus wear reduces and its growth is more gradual. The second area lasts practically until the end tests. It has roughly linear character with very little upward sloping. Both versions of material have the course as well as the very same values, which is logical if we take into account the results of the wear and the equal friction coefficients. This fact is evident from simple statements, which tells us that with a load of 2N after racing 1000 m no removal of TiCN coating occurred -see Fig.9 , 10 for material CrL +0.3%C. Another proof of this fact is Fig. 11 a, b which based on microscopical documentation confirms the facts. The same tests in an environment with a load of lubricant 2N showed so little wear that there was a problem with the evaluation of results. Therefore, we chose a higher load of 6N so that to compare the obtained results conversion to the unit of track l m and load of l NL will be used. For better understanding of the quantification of the processes, we therefore did one more test under dry condition with load of 6N. The results were quite different. Firstly, the evolution friction coefficient was different from that obtained at 2N loan -see Fig. 12 a, b. As it follows from both graphs, increase in friction load resulted in the coefficient of friction rising from the beginning to the end of the test. Whereas, one can state that at the end of the test the coefficient of friction for CrL +0.3 C material was about 0.71 and that for CrL +0.7 C it was around 0.55. This result is not an unexpected one. Looking at the appropriate chart - Fig. 13 , we can see that after having travelled the test track depth wear occurred on material CrL +0.3 C at about 10 micrometers deep, and on material CrL +0.7 C it was only 8 microns. This fact is also confirmed by the graph in Fig. 14, which we received from profile-meter measurement of the track on CrL +0.3 C material. Here it can also be seen that the depth of the wear in CrL + 0.7 C material is only 8 microns.
At the first approximation, the difference is about 20%. The same difference was obtained for samples without coating under dry conditions at a load of 2N. If the difference is veritable, then the pin must have travelled most of the time on a material no longer coated. Fig. 13 shows that the 3 m layer of TiCN is removed at 6N after running along a cca 125 m track. It should be noted that the hardness of the pin (ball Al 2 O 3 ) is equal to that of TiCN layer. Then it came to such extent of wear as if the material had not been coated. The difference between the two carbon variants is the same as for pure sintered state, but the absolute values are lower by the time when the pin is moved on the TiCN layer, as a matter of course.
As for the tribological tests in lubricants, coefficients of friction are low even despite of increased downforce 6N, which was chosen mainly because, as we have already mentioned, the low, 2N load produced very small values of wear. In addition, we have extended the length of the sliding distance to 4000 m. Although the graph plots in Fig. 5a , b is drawn only for a 1000 m distance, the values of coefficients of friction remained the same up to 4000 m at both variants. Very low wear is documented by Fig.15 showing wear along the track. Microscopic inspection of wear is shown in Fig.16 a, b , where material wear can be seen along the track which even after having covered 4000 m is less marked and indicates very little wear. A more noticeable evidence is in the fact that even after such a long test track and an increased load, traces of prior sanding are still visible. Fig. 16 b shows wear of the pin the size of which corresponds to the track width. This corresponds again to the fact that throughout the test trials in lubricant no removal of the TiCN layer has occurred. From these results it can be concluded that the effect of coating on sintered materials has the same attributes as coating on compact materials. Resistance of the coating depends on the way and the level of stress and its own properties. In our case, the results were affected mainly by hardness of the pin (ball) and the thickness of the coating. Under dry friction, in case of uncoated sintered material, wear is very high due to the hardness of the pin, which is not the method used in routine practice. In case of the coated material under dry sliding, the practical impact of coating can be practical, depending on the magnitude of load. Then there arise a situation described at the wear of pure sintered state. When using lubricant, abrasion wear is fairly small. During the entire length of 4000 m (79500 cycles) of sliding, the pin no removal of coating took place -as it is evident from the profilograph. This fact is also supported from the microscopic observation. Surface roughness after grinding is about 0.5 micron, and as it apparent, these grinding scratches remained still quite visible. Weight loss is the test in lubricants was smaller by order of magnitude, compared to dry wear. The coating was not removed at none of the carbon versions. This is why the coefficients of friction are the same at both of them. Thus, the effect of different matrix properties has not been observed as a result.
CONCLUSION AND FUTURE DIRECTION OF RESEARCH
Tribological tests carried out on sintered steel Astaloy CrL + 0.3/0.7c showed that wear resistance of material CrL + 0.3/0.7c coated by TiCN have been improved substantially. As evidence of this is the improvement of the coefficient of friction for both types of tests, both under dry conditions and in the lubricant. The effect of the matrices under the TiCN layer has not been shown. The absolute values obtained of wear resulted from fact that not the classic type material 100 Cr 6, but the one of al2o3 has been used as a pin. Its hardness is significantly higher than that of the mentioned steel and is comparable to that of the coating. This was reflected mainly at the tests in lubricant, where in both cases, despite this fact, low coefficient of friction and low wear was measured.
